XFST and FSA syntax —a comparison table

1 Symbols
| XFST syntax | FSAsyntax | Meaning
a a single symbol a
% or “*” | escape(*) or ’*’ escape literal symbol
abc abc multi-character symbol
? ? any symbol 1
Oor[]or”" [ epsilon symbol, the empty string
{abcd} [a,b,c,d] single character brace

2 Simpleoperators

| XFST syntax | FSA syntax Meaning
Ax Ax Kleene star
A+ A+ iteration (Kleene plus)
A|B {A, B} union
A& B A& B intersection
A-B A—B A minus B
\4 [~ Al &7 term complement
~A ~A complement
A/B ignore(A,B) A ignoring B
A./.B ignore(A,B) - {[B,?*],[?*,B]} A ignoring internally B
$A $A containment
$.A $A - ignore([A,A],7%) one containment
$74 {$A - ignore([A,A],7%),7* - $A} maximum one containment
AB [A,B] concatenation
A'n n-ary concatenation
A {n,k} n to k concatenations of A
A" >n more than n concatenations of A
A" <n less than n concatenations of A
Azx.B AXxB crossproduct
A.0.B AoB composition
(A) A” optionality
a:b a:b symbol pair
[1 O order control




| XFST syntax | FSA syntax \ Meaning
R.P.Q {R,(domain(Q) - domain(R)) o Q} upper-side priority union
Rp.Q {R,Q o (range(Q) - range(R))} lower-side priority union
R. —u.Q (domain(R) - domain(Q) ) o R upper-side minus
R.—1.Q R o (range(R) - range(Q)) lower-side minus
A<B ~ §[B, A] A before B
A>B ~ §[A, B] A after B
Ar reverse(A) reverse
R or R.1 domain(R) upper language of the regular relation R
R.lorR.2 range(R) lower language of the regular relation R
R invert(R) or inverse(R) regular relation inverse
3 Restriction

XFST restriction rules do not exist in FSA, therefore we only bring the list of xfst restriction rule syntax.

e A=>L_R

o A=> Ll_Rl,Lg_ RQ,... aLn—Rn

4 Replacement

XFST replace rules do not exist in FSA, therefore we only bring the list of xfst replace rule syntax. xfst

replace rules can be divided into 4 groups:

1.
2.

Unconditional replace rules (one rule with no context).

Unconditional parallel replace rules (several rules with no context that are performed at the same

time).

— > (obligatory, upper to lower replacement)

A->B

A1—>B1,...

aAn_ > Bn

A->B||L_-R

A->B//L_R

A->B\\L_R

A->B\/L_R

Ai1— > Bii, ..., Aip— > By || Lii- Ru,

. Conditional replace rules (one rule and one condition).

. Conditional parallel replace rules (several rules and/or several contexts).

ooy Lim- R

Ai1—> Bit,...,Aip— > Bin // Li1i- Ri1,. .., Lip- Rim




4.0.2

Ay1— > Bii,...,A1p— > By, \\ Li1- Ry, ...
Aj1— > Byy,..., Aip— > Bip \/ Li1- Ri1,. ..
AH— >BH s e, Aln_ >B1n || Lll—Rll y e
Ag1— > By, ..., Azp— >32p || Ls1 Ry ...
Ap1— > By, ... , Agr— > By || Lyi- Ry s -
Ai1— > By g ey Aip— > Bip // Li1_Ryy, ...
Ag1— > By, ..., Azp— >32p //L21—R217
Ap1— > By, ... , Agr— > By // Lgi-Rgy sy ---
An—>DBu, ..., Ain— > By \\ Luu- Rt , ...
A21—>Bgl, ey Agp— >B2p \\L21—R217
Ap1— > By, ... , Agp— > By \\ L1 Ry, ---
Ap—>DBir, ..., Aip— > B \/ Luu-Ru1 , ...
Ag1— > By g ey Azp— >BQp \/ Ly1- Ry ...
Ag1—>Bg1, .y Agp— > By \/ Lg1- Rga1 - -

(— >) (optional, upper to lower replacement)
A(—>)B
Al(_ >)B1,"'5An(_ >)Bn

A= >)B| LR

A(=>)B//L_R

A(->)B\\L_R

A(=>)B\/L_R
A11(— >)BH, . Aln( >)Bln || L1~ Ry, - -
Au(— >)B11, .. aAln( >)B1n // Li1- Ry, ...y
A1 (= >)Bit, -+, Ain(= >)Bin \\ L11- Ry1,- -+,
All(_ >)BH, . Aln( >)Bln \/ L11_R11,...

I le— le

bl le— le

) le— le
3 L2q— R2q

’ Lks— Rks

) le— le
) L2q— R2q

) Llcs— Rks

) le— le

7L1m— le
le— le
le— le

bl le— le



4.0.3

Ay1(— >)Bn

bl

bl

bl

bl

eoe s A (= >)Bip || L1ii-Ru1 s - 5 Lip- Rim
ooy Agp(= >)Bay || Lo1-Ro1 , ... , Lag- Roy

ooy Apr(—>)Bgr || Lk1- Re1 5+ - 5 Lis- Ry

ey Aig(—>)Bin // L1i-Ru1 ..., Lip- Rip
cee Agp(— >)ng // Loi_Rot1y ..., qu_ qu

ooy App(=>)Byy // Lgi-Ri1 5 -.. 5 Lps- Ry
ey Atp(—>)Bin \\ L11-R11, .., Lim- Rim

cee Agp(— >)ng \\ Lo - Roq g e qu_ qu

cory App(=>)Bip \\ Lgi-Ri1 5 -.. 5 Lps- Ry
eoe s Aip(—>)B1n \/ L11-R11, ... , Lipy- Ripy

. Agp(— >)B2p \/ L21_R21 g ey qu_ RQq

ooy Apr(—>)Brr \/ Lk1- Rg1 5 -+ 5 Lis- Rys

< — (obligatory, lower to upper replacement)

221(— >)Ba1
;ik:.l.(._’;)Bkl
A11(—>)Bn
221(— >)Ba1
;ik.l.(._’;)Bkl
A11(= >)Bn
221(— >)Ba1
;ik.l.(._’;)Bkl
A11(= >)Bn
221(— >)Ba1
A (~ >)By
A< —-B

Ay < —-By,...,A, < —B,

A<-B||L_R

A<-B//L_R

A<—-B\\L_R

A<-B\/L_R

Ay < —Bqy,..
A1 < —Bii,--.
A1 < —Bi1,--.
A1 < =By, ...
Ay < —Byqg, ..

., Ain, < =Bip || L11- Ri1,- -+, Lim- Rim

yAin, < —Bipn [/ L11- Ri1,. ..y Lim- Rim
yAip < =Bip \\ L11- Ri1,...,Lim- Rin
yAipn < —=Bip \/ L11- Ri1,...,Lim- Rim

.y Aip < —=Bip || Lii-Ru1 5 ..., Lipy- Ry

)
Ap1 < —Boi, ..., Ay < —Bgy || L1~ Ry, ... , Lag- Ry,

3yttt

Ak:l < —By1 y e

w3 Apr < =By || Lgi- Rg1 5 --. 5 Lis— Rys
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Ay < =By, ..

.y Aip < =Bip // L11-Ru1, ..

L] le— le

A21<—Bgl, cee A2p<—32p//L21_R21, . LQq_RQq

A )

Apt < =Bgi, ooy Apr < =By [/ Lgi- R

Ay < =By, ..

.y Aip < =Bip \\ L11-R11, ..

)y oty Lks—Rks

L] le— le

b
Ag1 < =Boy, ..., Aoy < —Bop \\ Lo1-Ro1 , ... , Log- Roq

7 Tt

A < =Bpiy ooy App < =By \\ Lg1- Ry

A11 < —Bi13 y o

.y Ain < —Bi1, \/ L11-Ri1, ..

y sy Lks—Rks

L le— le

Aot < —=Bo1, ..., Aypy < —Bop \/ Lo1- Ro1 , ..., Log- Ry

7 Tt

y sy Lks—Rks

Apr < =Bgrs -+ s Agr < =Bgr \/ Lg1- By
(< —) (optional, lower to upper replacement)

A(< —)B

Ai1(< =)By,..., Ay (< —)B,

A< -)B||L-R

A(<-)B//L_R

(<-)
(<-)

A(< -)B\\L_R
(<-)

A< —=)B\/L_R

Ay(< =)Bi1, ..., Ain(< =)Bin || L11- Ri1, - -« Li- Rim
Ay(< —=)Bi1, ..., Ain(< =)Bin // L11- Ri1,. .., Lim- Rim
Ay1(< —)Bi1, ..., Aip(< =)Bin \\ L11- Ri1,-.., Lim- Rim
Ai1(< —)Bi1,. .., Ain(< —=)Bin \/ L11- Ri1,-.., Lim- Rim
Ay (< —)B11, , Ain(< =)Bin || L11- Ri1, --- , Lim- Rim
Az (< —)Bay , , Aop(< —)Bap || Lo1- Ro1y ... , Log- Rog
Ag1(< =) B, s Apr(< =)Bgr || Lg1-Rg1 5 -+, Lig- Ry
Ay (< —)B11, , Ain(< =)Bin // Lui-R11 5 ..., Lipy- Ripy
A9 (< —)Bat , , Aop(< —)Bgp // Lai-Ra1 , ..., Lag- Ry
Ap1(< —)Bya , » Apr(< =)Bgr [/ Lgi- Rg1 5 . 5 Lis- Rys



e Aji(< =)B11, ..., Ain(< =)Bin \\ L11-R11, ..., Lim- Ripy

’fizl(< —)Bai, ..., Agp(< —)Bop \\ La1- Ro1, ... , Log- Ry,
:‘ik.l.(.<”_)Blc1 y ooy Akr(< =)Bir \\ Lk1- Rk 5+« Lis- Ris
e A1(< =)By1,y oo, Aip( =)Bin \/ L11-R11, ..., Liym- Ripy
Asi(< —)Bar , ..., Asp(< —)Bap\/ Lo Ron » ... , Log- Rag
At(< )Bit s - s Ae(< —)Bir \/ It Ret s -+ » Lis- Ris

405 < — > (obligatory, upper to lower, lower to upper replacement)
e A<—>B
e Ay<—>By,...,A, < — > B,
e A<—>BJ||L_R
e A<->B//L_R
e A<->B\\L_R
e A<->B\/L_R
e A1 <—>Bi1,...,A1n < —> Bin || L11- Ri1,..., Lim- Rim
e A1 < —>Bj1,...,A1n < —>Bin // L11i- Ri1y..., Lim- Rim
e Ajy < —>Bii1,...,A1n < —> Bip \\ Li1- Ri1,--., Lim- Rim

e A1 <—>Bq1,...,A1n < —> Bip \/ L1i- Ri1,-- -, Lim- Rim

e Ay<—>By1, ... , Ain<—=>Bi||Li1-Ri1, ..., Lim- Ripy
221<—>B21, cee s Agp < —>Bygy || Lai- Ro1 , -.. , Log- Ryq
:‘ik.l”<’i>Bk1, ooy Agr < —=> By || Lgy- R -+« Lis- Ris

e Ay<—>By1, ..., Ain<—>B1,//Li1-Ri1, ..., Lipm- Rimy
;igl<—>B21, cory Aoy < —>Bo, [/ Lai-Ra1, ..., Lyg- Roq
;ik-l..<Z>Bk1, eewy Agr < —> By // Lg1-Rg1, - ., Lgs- Rys

e Ay <—>B11, ..o, Aip<—>Biu \\ L11-R11, ..., Liyy- Ripy
:4;21<—>B21, vy Agp < —>Bgp \\ Lai- Ra1, ..., Lag- Ry
;ikllu<’i>Bk1, coey Apr < —=> By \\ Lg1-Rg1, .., Lgs- Rys



4.0.6

A< —>B11, ..., A, < —

2

A21<—>B21,...,A2p<—

A )

Ap1 < —>Bpiy ovn y Apr < —

> Bip \/ Li-Ru1, ..., Lip- Ry
> Bop \/ Lai-Ro1, ..., Lyg- Ryq

> Bir \/ Lk1-Rk1 5 -, Lgs- R

(< — >) (optional, upper to lower, lower to upper replacement)

A(< —>)B

Ai1(< —>)By,..., An(< — >)B,

B||L_.R

A(<—=>)B\\L_R

>)

A( —>)B//L_R
)
)

A(< —=>)B\/L_R
A <—>Bn,...A1n<
Bi1,..., Ain(< —

( ) (
( ) (
Aj1(< —>)By1, ..., App(< —
( )Bi1, ..., A (< —
( )

>)Bin || L11- Ri1,---, Lim- Rim

>)Bin /[ L11- Rty -+, Lin- Ram

>)Bin \\ L11- Ri1,-- -, Lim- Rim
)

>)Bin \/ Li1- Ri1,- .., Lim- Rim

Aj( =>)Bii, -.. , Aip(K = >)Big || Lui-R11 5 .., Lim- Rim

A21(< — >)B21 s e A2p(< — >)ng || Lot Ro1, ..., qu_ qu

A

Api(K =>)Bgiy oy Ape(K = >)Biy || Lgi- Rg1, -+ 5 Lis- Rys

An(<=>)Bi1, --- , Ain(< = >)Bin [/ Lin-Ri1 5 --. , Lim- Rim

L

A (< —=>)Bar, ..., Ayp(< —>)Bap [/ Lo1- Ry, ..., Log- Ry,

7 Tt

Api(< —>)Brry -+ Ape(K —>)Bgr // Lki- Ri1 s -+ 5 Lis- Ry

A11(< — >)Bn s eee Aln(< — >)Bln \\ Li1- Ri1 s eee Ligm- Rim

A21(< — >)le g ey Agp(< — >)B2p \\ Loi-Ro1y ..., qu_ qu

7 0ttt

Api(< —>)Brry -+ Ape(< —>)Bre \\ Li1- Rg1 5 --+ 5 Lgs- Ry

Ap(< =>)Bi, -.. , Aip(< = >)Biy \/ L11-R11, --. , Lim- Rim

29

A21(< — >)B21 s e Agp(< — >)ng \/ Lo Roy s e qu_ qu

3yttt

Api(K = >)Bg1y --v 5 Apr(K —>)Bip \/ Lgi-Rg1, -+ 5 Lis- Rys
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4.0.8

@— > (obligatory, upper to lower, left to right, longest match replacement)

AQ- > B

A@Q— > By,...,A,Q— > B,

AQ—>BI||L_R

Ae—>B//L_R

A@—>B\\L_R

A@—>B\/L_R

A11@Q— > Biy,..., A1n@—> By || L11- Ri1, -+, Lim- Rim
A11@— > Bi1,...,A1,@— > By, // Li1- Ri1,- .-, Ligm- Rim
A11@Q— > Byy,...,A1,@— > By \\ L11- Ry, ..., Liy- Ry
A11@— > Byy,...,A1,@— > By, \/ L11- Ri1,--- s Lim- Rim
A11@Q—>By1, ..., A1p@— > By, || L11-Ri1, ..y Lim- Rim
Ap@— > Boi, ..., A9y@— > By || Lo1-Ro1 , ... , Loy Rag
Ap@—> Byt , .. ) Ap@—> By || Lyi- Rpt » - Lo Ris
A11@Q—>By, ..., A1yQ—> By, // L11-Ri1, --- , Lipy- Rim
221@— > By, ..., Ayp@—> By, [/ Loi_Rg1, ..., Las- Ry
;iklll@.—”> Bgi, ..., Apy@— > By /) Lgi- Rg1y -+, Lgs- Rys
A11@—> By, ..., A10@— > By, \\ L11-R11 5 --- , Lim- Rim
221@— > Baty «.. , Agp@— > Boy \\ Loi_-Ra1, ..., Lag- Ry,
Zk.l.@.—’; Bgi, oo, Agr@— > By \\ Lgr- Rg1 5 --- 5 Lgs- Rys
A11@—>Byy, ..., A1,@— > By, \/ L11-Ri1, --- , Lipm- Ripy
221@— > Baty «.. , Agp@— > Boy \/ Loi_Ra1, ..., Lag- Ry,
’/ik-lé—’; Biiy ooy Agr@— > Byp \/ Lg1- Rg1 5 ..., Lgs- Rys

@ > (obligatory, upper to lower, left to right, shortest match replacement)

AQ > B

A1@ > By,...,A,@Q@> B,

A@>B|L_R
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A@>B//L_R
A@>B\\L_R
A@>B\/L_R
A11@Q > Byy,...,A1,@ > By, || L11- Ri1, -+ Lim- Rim
A11@ > Byy,...,A1,@ > By, // L11- Ri1, ..., Ligm- Rip
A11@Q> Byy,...,A1,@ > By, \\ Li1- Ri1, ..., Lim- Rim

A;1Q > BH, .. -,Aln@ > Bi, \/ Lqqi_ Ru, c ,le_ Ry,

A1@Q>DByy, ..., A1n@> By, || Lii- Ri1, ..., Lip- Rim
221@ > Boi, ..., Ap@Q > By, || Lo~ Ra1 , ... , Log- Ry
Ap@> Byt s oo s Apw@> By || it Ret s - s Lns- Res
A11@Q@>Byy, ..., A1n@Q@> By, // L11-R11, ..., Lip- Rim
221@ > Boi, ..., Ap@Q > By, // Lo1-Ro1 , ... , Lag- Ry
Ap@> By, . ) Aw@> By // Lis- Rir s - > Lis. Res
An@Q>DBy, ..., A1n@> By, \\ Li1-R11, ..., Lipy- Rim
221@ > Boi, ..., Ap@ > Boy \\ La1- Ro1, ... , Log- Ry,
Zk;'@; ;Bkl s ooy Apr@ > Brp \\ Lgi- Ri1 5 --. , Lys- Ry
An@Q>DBy, ..., A1n@Q@> B, \/ Li1-R11, ... , Lipy- Rim
:‘igl@ > Boi, ..., Ap@> By, \/ La1-Ro1, ... , Lag- Ry
Ap@> Byt o .. ) Ap@ > Bep \/ Lit- Ret » -+ 5 Lo Ris

— > @ (obligatory, upper to lower, right to left, longest match replacement)
A— > Q@B

Ai— > @By,...,Ap— > @B,
A->Q@BI||L_-R
A->@Q@B//L_R
A->@B\\L_R
A->@B\/L_R

Ai— > @Bn, ... ,Aln_ > QB || Lii-Ry1y---y Ligy- Rim



[ A11— > @Blla--- aAln_ > @Bln // L11_R11,... ,le_le
e Aj1—>@Byy,...,Aip— > Q@B \\ Li1- Ru1, ..., Lip- Ry
e Aj;—>@QByy,...,Aip— > @By, \/ L11- Ru1, ..., Lipy- Ry

¢ Ay—>@Byy, ..., Aip—>QBy, || L11-R11, -+ s Lim- Rim
221— > @By, ..., Agp— > QByy, || Loi-Ro1 , ... , Lag- Ry
Api— > @By1 s .. ) Ag— > @B || Lyt Rit -+ 5 Lo Ris

e Ajy—>@Byy, ..., Aip—>QBy, // Lii-Ri1, ..., Lijm- Ripy
Api—>@Bay , ..., Asy—> @Bap [/ Lor-Ror s - » Lng- Ry
’fikl— ’>’ QBg1, ..., Agy— > @By, // Lgi- Rg1, --. , Lis- Rys

e Ajy—>@Byy, ..., Aip— > QB \\ Li1-Ri1, --- , Lim- Ripy
A= > @Bay , ..., Asy—> @Bap\\ Lor_ Ror ... » Log. Rog
:‘ikl— ; QByy, vv s Apr— > @By \\ Lg1- Ry, -.. , Lgs- R

e Ajy—>@Byy, ..., Aip— >QBy, \/ L11-R11, ..., Lipm- Ripy
Apr— > @By , ..., Asy—> @By \/ Lao1_Rar , ... , Log- Rog
Api— > @Byr , .., Ag— > @By \/ Lt Rit - » s Ris

4,010 > @right (obligatory, upper to lower, right to left, shortest match replacement)
e A>Q@B
e A >@Q@B,,..., A, >QB,

A>QB||L_R

A>@B//L_R

A>@B\\L_R

A>@B\/L_R

A > @Bllg---,Aln > @By, H L11_R11,. .. ,le_le

A > @Blla---aAln > QBy, // Li1_Ry1,..., L1y R

A1 > QByy, ..., Aip > QB \\ Lii- Ry, ..., Lipy- Ripy

A1 > Q@Byy,..., Aip > @By \/ Lii- Riy, ..., Lipy- Rim

10



e Aj1 >Q@Byy, ..., A1y > @By, || L1i- Ri1, ..., Li- Rim
221 > @By, ..., Aoy > @By || L1~ Ro1, ... , Lag- Ry
Zk;;’éBkl, ooy App > @By || Lyt- Rgy 5 -+ 5 Lis— Ris

e Aj1 >@By1, ..., Aip>@Byy, // L11-R11, ... , Lipm- Rim
:‘igl > @By, ..., Ay > @By, // Loi- R, ... , Log- Ryq
Ap > @By, ..., Ay > @By // Lys- Rir s - > Lis. Res

e Aj1 >@Byy, ..., A1p > @By \\ L11-Ri11, ..., Lipm- Rim
Asy > @By, ..., Asy> @Boy \\ Lar_ Ror , ... , Lag- Rag
’fik.l;’éBkl yooen s Agr > @By \\ Lg1- Rg1, --- 5 Lis- Rgs

e Aj1 >@By1, ..., A1y > @By \/ L11-R11, ... , Lipm- Rim
Ayt > @Byy , ..., Agy> @Boy\/ Lyt Ror s - , Loy Rog
Zk'l';éBkl, ooy App > @By \/ Li1- Ryt 5 -~ 5 Lis_ Ry

5 Markup
XFST markup rules do not exist in FSA, therefore we only bring the list of xfst markup rule syntax.

e A—->L...R

e AQ—>L...R

e AG>L...R

e A->QL...R

e A>QL...R

6 Order of Precedence

6.1 XFST

The following list states the order of precedence of all above operators in XFST. Operators of same prece-
dence are executed from left to right, except the prefix operators (~ \ $ $7 §$.) that are executed from
right to left. To enforce another order use angle brackets [ ]. The list begins with the operators of highest
precedence, i.e. with the most tightly binding ones. Operators of same precedence are on the same line.

+ ¢ "

*

, &
Y
—
o &

11



/

concatenation

> <

| & —

= —> (—>) <—-(-) <=-> («=>)@-> @> —>@ >a@
ZI. .0.

6.2 FSA

The following list states the order of precedence in FSA. The brackets () can always be used to express the
desired grouping. The order of precedence of operators is as follows:

2/

N

+ *
& —
o s
!

T
P'#

7 Advanced techniques

Both XFST and FSA have advanced techniques that do no exist in the other toolbox. For xfst these
techniques include Compile-Replace and Flag-Diacritics; for FSA these techniques include predicates and
weighted networks.
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